A number of measures have been proposed to assess interaction on the additive or risk difference scale between the effects of two exposures. Assessing such additive interaction is desirable because it allows one to assess whether it would be better to target an intervention to certain subgroups if resources are limited [1] [2] [3] . Additive interaction also allows one to assess evidence for mechanistic interaction within the sufficient cause or potential outcomes frameworks [2] [3] [4] [5] . One of the measures that has been proposed to assess additive interaction is what is sometimes referred to as the attributable proportion [6] . We will consider the properties of two different definitions of this attributable proportion measure.
We let D denote a binary outcome, X 1 and X 2 two binary exposures, and p x 1 x 2 = P(D = 1|X 1 = x 1 ,X 2 = x 2 ) the probability of the outcome when X 1 = x 1 ,X 2 = x 2 . We will assume that analysis is conducted within strata of covariates that suffice to adjust for confounding of the effects of both exposures. Additive interaction on the risk difference scale is defined as (p 11 -p 10 -p 01 ? p 00 ), sometimes also referred to as the interaction contrast [2] . We can rewrite this additive interaction measure as (p 11 -p 10 -p 01 ? p 00 ) = (p 11 -p 00 ) -{(p 10 -p 00 ) ? (p 01 -p 00 )} to see that the measure essentially captures the extent to which the effect, on the risk difference scale, of both exposures combined exceeds the sum of the effects of the first exposure considered alone and the second exposure considered alone.
This measure of additive interaction on the risk difference scale cannot in general be estimated from case-control data. Rothman [6] proposed instead a measure of additive interaction that used risk ratios rather than absolute risks. Let
be the risk ratio comparing the exposure category X 1 = x 1 , X 2 = x 2 to X 1 = 0, X 2 = 0 . Rothman [6] defined the relative excess risk due to interaction (RERI) as RERI = RR 11 -RR 10 -RR 01 ? 1. This RERI measure is equal to the additive interaction for absolute risks, p 11 -p 10 -p 01 ? p 00 , divided by p 00 . The RERI measure will be greater than zero if and only if the additive interaction is greater than zero; it will be equal to zero if and only if the additive interaction is equal to zero; it will be less than zero if and only if the additive interaction is less than zero. The RERI measure thus allows one to assess additive interaction using risk ratios. If the outcome D is rare, or if incidence density sampling is used, odds ratios will approximate risk ratios and the RERI measure can be assessed with case-control data. A number of estimation techniques have been developed for obtaining estimates and confidence intervals for RERI [2, [7] [8] [9] . The RERI measure is also useful for assessing evidence for mechanistic interaction within the sufficient cause and potential outcomes frameworks [3] [4] [5] . If RERI [ 0 then there is evidence of ''mechanistic'' or ''sufficient cause'' interaction (i.e. there are individuals for whom the outcome occurs if both exposures are present but not if just one or the other is present) provided it can be assumed that neither exposure is ever preventive (only causative or neutral) for all individuals in the population, an assumption sometimes referred to as monotonicity. If RERI [ 1 then there is evidence of such ''mechanistic'' or ''sufficient cause'' interaction even without such monotonicity assumptions.
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Rothman [6] also proposed a measure which he called the attributable proportion defined as
The measure was intended to capture the proportion of the disease in the doubly exposed group that is due to the interaction between the two exposures. In his book [6] , Rothman also defined an alternative measure also referred to there as the ''attributable proportion'' defined as:
This measure was intended to capture the proportion of the effect on the additive scale of both exposures combined that is due to the interaction between the two exposures. Although Rothman presented these measures using RERI and risk ratios, they are applicable also to cohort studies using risks; the former measure can be written as AP ¼ : In contrasting the two measures, the former measure, AP, captures the proportion of the disease in the doubly exposed group that is due to the interaction; the latter measure, AP Ã , captures the proportion of the effect of both exposures that is due to interaction. The former measure uses RR 11 as the denominator; the latter measure uses RR 11 -1. The focus of the subsequent literature and reporting has been on the former measure. This was perhaps because greater emphasis was placed on this measure in Rothman's book and also because methods for statistical inference and software to estimate the attributable proportion and its confidence interval focused on the former measure [7, 8] . Of course, an investigator should select between the two based on substantive considerations, i.e. whether the proportion of disease in the doubly exposed group due to interaction is in view, or the proportion of the effect is in view. In most instances, however, both measures will likely be of interest and both could be reported. But often in practice, only the former measure is selected, essentially by default, and these considerations of interpretation of the two alternative measures are, for the most part, ignored. Here we will consider the properties of these two different attributable proportion measures. We will see that there are a number of attractive properties of using the latter measure that are not shared by former.
First, consider the setting in which the entirety of the effect were due to interaction. For example, suppose RR 11 = 3 but RR 10 = RR 01 = 1 so that there is no effect of either of the exposures in the absence of the other. The effect of the exposures is only manifest when both exposures are present. When both exposures are present, the entirety of the effect is due to interaction. A researcher who does not distinguish between the attributable proportion ''for risk in the doubly exposed group'' versus the attributable proportion for the ''effects of both exposures'' might think that the attributable proportion measure in this case should be 100 %. This might seem like it should be the natural reference for the maximum attributable proportion as, in the case considered here, there is no effect of the exposures except for the interaction. Using Rothman's primary definition we get an attributable proportion measure of:
We do not get 100 %. This is because we are using the denominator, RR 11 , rather than, RR 11 -1. The focus is here on the proportion of the disease in the doubly exposed group due to interaction, not the proportion of the effect. Using the alternative attributable proportion definition we obtain
as might be expected. Again for this alternative definition, we are capturing the proportion of the effect due to interaction, not simply the proportion of the disease in the doubly exposed group due to interaction. If Rothman's primary definition, AP, is to be used then it must be kept in mind that the measure will not be 100 % even if the effects of both exposures are due entirely to interaction.
Next, consider what happens upon reversing the coding of the outcome. It is shown in Appendix 1, that with the alternative definition of the attributable proportion,
, reversing the coding of the outcome still gives the same attributable proportion measure as one obtains with the original coding. This might be of relevance, for example, if the outcome is survival versus death, and, in this setting, one might think that the attributable proportion should be the same irrespective of which of the two codings is chosen as the outcome. With Rothman's primary definition of the attributable proportion, AP ¼ RERI RR 11 , if we reverse the coding of the outcome, the proportion attributable to interaction changes. For example, suppose that the outcome D were death and the underlying outcome probabilities were p 00 = 0.01, p 10 = 0.02, p 10 = 0.02, p 11 = 0.06 with relative risks RR 10 = 2, RR 01 = 2, RR 11 = 6. If we were to reverse the outcome to survival we would have corresponding outcome probabilities p 00 = 0.99, p 10 = 0.98, p 10 Of course, in many settings there is a natural coding of the outcome (e.g. heart disease present versus absent, or cancer present versus absent) and we might not ever think to, or be interested in, recoding. Moreover, in a case-control context we cannot reverse the definition of the outcome and retain a rare outcome assumption, but the recoding of the outcome may sometimes be of interest in cohort studies. Specifically, the invariance of the alternative attributable proportion definition to the coding of the outcome has important implications for preventive exposures. Building on Rothman [10] , Knol et al. [11] suggested that the interpretation of measures like RERI were clearest when the effects of the each of the exposures in the absence of the other were positive and proposed a recoding strategy of exposures to ensure that that was so. In some settings one could alternatively recode the outcome to ensure this. Importantly, because of the invariance of the alternative attributable proportion definition, AP Ã ; to the coding of the outcome, the attributable proportion measure can potentially be used and easily interpreted for preventive exposures as well. Suppose our relative risks were RR 10 ¼ ; does not vary with the covariates and thus circumvents this criticism entirely.
We have seen then a number of attractive properties of taking the denominator of attributable proportion for additive interaction as RR 11 -1 rather than RR 11 so that the alternative attributable proportion
. When all of the effect is due to interaction the alternative attributable proportion is then 100 % as might be expected and not some number less than 100 %; the alternative measure is also invariant to the coding of the outcome and can be used for preventive exposures; and finally, the alternative measure, unlike the Rothman's primary measure, will not vary with covariates under a linear risk model. All of these properties follow from focusing on the proportion of the effect of both exposures on the additive scale that is attributable to interaction, rather than the proportion of disease in the doubly exposed group due to interaction. Once again, in choosing between, reporting, and interpreting these measures, one must consider whether the proportion of disease in the doubly exposed group due to interaction, or the proportion of the effect of both exposures that is attributable to interaction is of interest. Ideally both could perhaps be reported. However, researchers should realize that there is in fact a distinction, and the measures need to be interpreted accordingly. As seen here, the alternative attributable proportion measure has a number of attractive properties. In any case, when using attributable proportion measures for interaction in practice, further refinement in terminology would perhaps make both the choice, and the interpretation, of the measures more transparent. The measure AP ¼ RERI RR 11 could potentially be referred to as the ''attributable proportion of (doubly exposed) risk'' and the measure measure RERI RR 11 À1 as the ''attributable proportion of (joint) effects.'' To facilitate use of this alternative attributable proportion definition, AP Ã ¼ RERI RR 11 À1 ; standard errors for this measure, using logistic regression assuming a rare outcome are derived in the Online Appendix, and SAS code to obtain estimates and confidence intervals are provided in Appendix 2 below.
